Isolation due to the management of infectious diseases is thought to affect mental health, but the effects are still unknown. We examined the prevalence of anxiety symptoms and anger in persons isolated during the Middle East Respiratory Syndrome (MERS) epidemic both at isolation period and at four to six months after release from isolation. We also determined risk factors associated with these symptoms at four to six months.
INTRODUCTION
Since May 20, 2015, when a patient was first diagnosed with Middle East Respiratory Syndrome (MERS) in Korea, the number of patients affected with MERS drastically increased and led to diagnosis of MERS in 186 patients within 45 days, followed by eventual deaths in 38 patients, leaving a record of a 20% mortality rate.
Due to the spread of MERS when preventive vaccine and treatment options were not clearly established, social anxiety and fear caused by uncertainty became core issues. Unverified rumors resulted in sharing of false information.
People concerned about the possibility of being infected with MERS. Some hospitals and schools closed, which increased anxiety in general population. Avoidance of self-isolated individuals with fear of infection of MERS and the tendency to avoid health care workers and their family members became social stigmas and provoked outrage in MERS patients or isolated in-dividuals.
In 2003, the severe acute respiratory syndrome (SARS) epidemic involving 30 countries affected 8,000 individuals, 774 of whom died, causing worldwide concern. At the time, SARS patients experienced social stigma, and reported mental health problems such as anxiety and depression [1] . In an evaluation of mental health status among 1,394 SARS survivors in Hong Kong between 2005 and 2006, 47.8% experienced post-traumatic stress disorder (PTSD) after SARS, and 25.6% of those continued to have PTSD even 30 months after complete treatment for SARS [2] .
Mental health evaluation of individuals exposed to natural disasters reveals that survivors typically experience various mental health disorders including PTSD, depression, generalized anxiety disorder, panic disorder, and substance abuse [3] [4] [5] . The feeling of anger typically arises in survivors who experience emotional trauma from disasters and this feeling is considered an important factor in regulating the development of PTSD [6] [7] [8] . A research study conducted 6-year after the 2003 Daegu subway accident revealed that nearly 40% of victims suffered from PTSD and other difficulties such as avoidance of social relationships, tension, anxiety, and insomnia [9] .
There are many research studies evaluating mental health in survivors of natural disasters or infectious diseases. However, no studies have evaluated mental health in individuals isolated due to risk of infection. During the MERS epidemic, more than 80% of the population feared MERS infection [10] . It can be assumed that individuals isolated for 2-week due to being in contact with MERS patients had greater anxiety symptoms and anger such as fear, isolation, and social stigma. With MERS being well-known for a mortality rate of 20%, it is thought that isolated patients had as much fear of being infected as those diagnosed with MERS. However, the effect of 2-week of isolation on the mental health of isolated individuals is not known. We aimed to estimate the prevalence of anxiety symptoms and anger in isolated individuals due to being in contact with MERS both at isolation period and at four to six months after release from isolation. Additionally, we determined the factors associated with these symptoms at four to six months after release.
MATERIALS AND METHODS

Subject selection
The data were collected from the epidemiological investigation sector of the center for disease control on patients diagnosed with MERS and isolated individuals who came in contact with MERS patients to perform MERS serum epidemiological investigation. As the research was conducted as an additional epidemiological investigation, individuals with high risk of positive serum results were selected from those who came in contact with MERS patients to participate in this study. Four regions with high prevalence of MERS patients including Seoul, Gyeonggi, Chungcheong, and Gangwon were selected. In each region, study subjects were selected in the order of higher likelihood of MERS diagnosis. The ranking order was as follows: 0 rank for MERS diagnosed patients, 1st rank for partners, the same hospital patients, caregivers or visitors of MERS diagnosed patient with extreme likelihood of spreading disease, 2nd rank for partners, the same hospital patients, caregivers or visitors of MERS diagnosed patient with likelihood of spreading disease, 3rd rank for partners, the same hospital patients, caregivers or visitors of MERS diagnosed patients, and 4th rank for random individuals who came in contact with MERS diagnosed patients. The data provided included individuals with unverified contact information that prevented them from being ranked.
A diagnosed patient was defined as a patient with MERS coronavirus that was verified in a laboratory diagnostic test. A patient with positive contact was defined as an individual who, without wearing appropriate self-protective equipment such as gown, gloves, N95 mask, goggles or face mask, stayed within 2 m of a MERS patient, stayed in the same room or the ward as a MERS patient, or came in direct contact with respiratory secretions of a MERS patient [11] . Since the incubation period of MERS is between two to 14 days, patients who came in contact should be monitored for occurrence of symptoms for at least 14 days. Individuals who were verified to have direct contact during the period of 14 days were isolated for 2-week in the house, workplace, and hospital.
A list of 14,992 individuals reported to have been isolated from the end of May to mid-June of year 2015 was provided by the Department of Epidemiologic Investigation of the Centers for Disease Control and Prevention. Of those individuals, calls requesting interest in research participation were made to 3,371 individuals out of 7,313 residents living in target regions (Seoul, Gyeonggi, Chungcheong, and Gangwon). Subject selection was prioritized to partners, same hospital patient, caregivers, and visitors of MERS patients residing in the target regions. A total of 1,692 individuals (50.0%) agreed to participate in this study, and 1,679 individuals refused. Of those who refused to participate, 65 individuals (4.8%) showed strong refusal to participate in the study with profanity and ranting, 315 individuals (23.3%) ranted in refusal to participate, and 568 individuals (41.9%) responded with simple refusal. Four hundred nine individuals (30.0%) had difficulties preventing them from participating in the study and reasons for refusal included the following: death in the family, nursing, inpatient hospitalization and surgery, work, opposition from the family, argument for inadequate qualification as a study subject, and reluctance to be known as a study subject. Three hundred fourteen individuals could not participate in the study for personal reasons, and eight individuals were not studied. Of 1,692 individuals included in the study, 36 individuals were diagnosed with MERS during isolation, and 1,656 individuals were not definitively diagnosed with infection ( Figure 1 ). This study received approval from the bioethics committee of the Centers for Disease Control and Prevention (2015-07-EXP-01-R-A) and the institutional review board of the National Cancer Center (NCC2016-0058).
Procedures
Mental health evaluation was performed by a trained researcher asking survey questions and recording the subject's answers. The survey took place at the community health centers, along with a serology test. Surveys were conducted from September to November 2015, and a time point four to six months after removal from isolation for MERS.
Measurements
A retrospective survey was done the followings: MERS related symptoms such as fever, cough, and diarrhea during the isolation period, availability of food, clothing, and water, possibility of bathing, availability of living necessities, the use of phone calls, texts or email, Internet, and the state of isolation such as at the hospital, alone at home/hotel, or with family at home. General information such as sex and occupation, history of psychiatric illnesses, history of medical problems, medical expenses for MERS, and details on financial loss were investigated. Symptoms of anxiety and anger at the time of isolation were measured retrospectively, and they were also measured at four to six months after removal of isolation.
Anger
Anger was evaluated by Korean version of the State-Trait Anger Expression Inventory (STAXI) derived from the original version STAXI by Spielberger [12, 13] . This scale is consisted of 10-item with 4-point Likert scale that ranged from 1 ("not at all") to 4 ("almost always yes"), with higher scores referring to higher likelihood. Total scores ranged from 10 to 40 points. In this study, the cut-off for anger was decided on a total score of 14 points. Cronbach's alpha was 0.94 in this study.
Anxiety
Anxiety was assessed by 7-item Generalized Anxiety Disorder Scale (GAD-7). GAD-7 is a self-administered test to assess generalized anxiety disorder that is composed of 7-item highly relevant questions selected from a total of 13 items (nine questions from the Diagnostic and Statistical Manual of Mental Disorder, 4th ed. and four questions from the Anxiety Symptom Scale) [14] . For each of 7 items, subjects were asked about how frequently they felt each one during the isolation period for MERS and again four to six months after removal from isolation. The 4-point Likert scoring system was used as follows: not at all (0 point), several days (1 point), more than half the days (2-point), nearly every day (3-point). Higher scores implied greater anxiety symptoms. The total score ranged from o to 21, with a score range of 5-9 points classified as mild anxiety symptoms, 10-14 points as moderate anxiety symptoms, and greater than 15 points as severe anxiety symptoms. In the present study, a total score greater than or equal to 10 points was set as a cutoff score for moderate anxiety symptoms and individuals with that score were categorized into the anxiety group. In the study, Cronbach's alpha was 0.95.
Statistical analysis
From the isolated individuals, those diagnosed with MERS were classified as MERS patients, and those not diagnosed with MERS were named isolated patients.
General information and the state of isolation as well as living environment during isolation were presented for each group (MERS patients and isolated patients) in frequencies and percentages. Symptoms of anxiety and anger during isolation and four to six months after removal from isolation were presented in frequencies and percentages for each group. The two groups' differences were analyzed with chi-square tests. Protective factors and risk factors for experiencing symptoms of anxiety and anger at four to six months after removal from isolation were presented as relative risk (RR) with 95% confidence interval (CI) adjusted for sex and age using the PROC GENMOD of SAS (SAS Institute Inc., Cary, NC, USA). Chi-square test was used to assess whether there were any significant differences in the frequency of anxiety and anger symptoms among 1,023 subjects (60%) with validated data depending on the likelihood of contact, because investigation in this study prioritized individuals with a high likelihood of contact with MERS patients. Since subjects might have refused participation out of anger, we analyzed subjects' reason for refusing participation to determine if the prevalence of the participants' anxiety symptoms and anger was underestimated. All statistical analyses were performed with SAS version 9.3 (SAS Institute Inc., Cary, NC, USA), and p-values less than or equal to 0.05 were considered statistically significant.
RESULTS
When it comes to isolated people were as follows: 944 (57.0%) females, 795 (48.0%) jobless people, 33 (2.0%) with history of psychiatric illness, 375 (22.6%) with history of physical illness, 195 (11.8%) people reported medical expenses due to MERS, and 173 (10.5%) people reported financial losses and decrease in sales. The most common infection route was patients from the same hospital (33.3%), then visitors (26.7%), hospital workers (16.1%), and patient's family members (9.9%) ( Table 1) .
In isolated people, 8.5% experienced fever, 7.0% cough, and 4.1% diarrhea. Compared to isolated people, MERS patients experienced more symptoms related to MERS such as fever, cough, and diarrhea (p< 0.001). Eighty seven point three percent of isolated people reported having enough food and water. Ninety six point six percent of isolated people could bathe during the isolation period, and 97.0% of isolated people felt equipped with daily necessities. Compared to MERS patients, isolated people received more food and shelter support (p< 0.001). There was no significant difference between MERS patients and isolated people in social activity such as phone calls, texts, email, or Internet use. For isolation location, 91.7% of MERS patients stayed in the hospital and 8.3% stayed with family at home, wher- eas 68.4% of isolated people stayed with family at home and 6.3% stayed in the hospital. This revealed a statistical difference in the location of isolation between MERS patients and isolated people (p< 0.001) ( Table 2) . During isolation, 47.2% (95% CI, 30.9 to 63.5%) of MERS patients had symptoms of anxiety and 52.8% (95% CI, 36.5 to 69.1%) had feelings of anger. Four to six months after removal from isolation, 19.4% (95% CI, 6.5 to 32.3%) of MERS patients had symptoms of anxiety and 30.6% (95% CI, 15.6 to 45.7%) had feelings of anger. In isolated people during isolation, 7.6% (95% CI, 6.3 to 8.9%) had symptoms of anxiety and 16.6% (95% CI, 14.8 to 18.4%) had feelings of anger. Four to six months after removal from isolation, 3.0% (95% CI, 2.2 to 3.9%) had symptoms of anxiety and 6.4% (95% CI, 5.2 to 7.6%) had feelings of anger (Table 3) .
After adjusting for sex and age, risk factors for experiencing anxiety symptoms and anger at four to six months after release included symptoms related to included symptoms related to MERS during isolation, inadequate supplies (food, clothes, accommodation), social networking activities (email, text, Internet), history of psychiatric illnesses, and financial loss (Table 4) .
In 1,032 people with verified ranks, 27 people were in the 0th rank (2.6%), 514 in the 1st rank (49.8%), 60 in the 2nd rank (5.8%), 368 in the 3rd rank (35.7%), and 63 in the 4th rank (6.1%). On analysis of prevalence differences of anxiety symptoms and anger based on the likelihood of exposure (prioritized in ranking system), the prevalence rate of anger increased with priority in rank evidence by the following distribution: 18.1% in the 1st rank, 16.7% in the 2nd, 15.2% in the 3rd, and 6.3% in the 4th (p for trend< 0.001). The prevalence rate of anxiety symptoms in each rank were as follows: 31.7% in the 1st rank, 28.3% in the 2nd, 22.8% in the 3rd, and 20.6% in the 4th (p for trend< 0.001), which revealed that the prevalence rate of anxiety symptoms increased with priority in rank (Figure 2 ).
DISCUSSION
The incubation period of MERS is an average of five days (2-14 days), so symptoms typically occur a minimum of two days or a maximum of 14 days after exposure to the MERS virus. Thus, people who have been in close contact should be moni- continued to have anxiety symptoms even four to six months after removal from isolation. Thus, it is difficult to say that isolation-induced anxiety has normalized. The rate of anger was 16.6% during isolation, and 6.4% around four to six months after isolation. The state of anger is measured by assessing the temporary feeling of anger experienced under stress by a person who does not have anger disorder. It is a temporary state that can change with time, as the problem causing stress is resolved.
Anger status was defined as a STAXI total score of 14 or higher, which is equivalent to the average score of a prison inmate with moderate to severe symptoms of depression (28.1%), suicidal thoughts (33.6%), and alcohol abuse (39.1%) [17] .
Of people isolated for MERS with symptoms of anger, 28.1% had persistent anger even four to six months after removal of isolation. Of those with 1st rank group, 50% had sustained anger four to six mon ths after removal of isolation. Although the prevalence of anger could have been overestimated in this study because the participants prioritized as individuals ranked first according to the ranking system of MERS exposure. However, the prevalence of anger in isolated people might have been underestimated considering that nearly 30% of individuals who did not participate in the study expressed anger through cursing or profanity.
At the time of isolation, the Korean Red Cross and local public health centers provided rice, water, ramen, and daily necessities that can be used by families of four for a week.
However, in some cases, not all people were provided with relief items at the time of isolation, so it seems likely that anxiety symptoms and anger were largely felt when the necessary supplies for daily life were not provided at appropriate times. Approximately 50% of those isolated for MERS received relief supplies; however, 98% of the study participant reported that they received relief supplies. This discrepancy is likely due to inclusion of subjects with higher priority in the survey.
In patients with history of psychiatric illnesses, there was a high risk of anxiety and anger at four to six months after removal from isolation. These patients seem to have weak control of anxiety and anger symptoms related to the emotional center, because psychiatric illnesses involve neurotransmitter abnormalities in the cerebrum [18] . This suggests that special interventions are necessary for people with a history of psychiatric illness in traumatizing situations.
Progression of anxiety symptoms, anger, and aggression experienced in the early stages of natural disaster can be prevented by early mental health care [19] . However, without early intervention, these symptoms evolve into long-term PTSD. Thus, symptoms of anxiety and anger should be recognized early on and appropriate intervention needs to be implemented for improvement in symptoms in the short-term. tored closely for at least 14 days for occurrence of symptoms. As of June 10, 2015, amid the MERS epidemic, people were isolated in 17 cities nationwide. There were nearly 500 people in isolation in areas where there was a major outbreak, and entire villages in some areas were isolated. At that time, the number of people isolated at home reached 3,000 nationwide, and there was a trend increasing by 200 to 300 people per day. With the rapid spread of MERS into Korean society, it is likely that people who were to be isolated had fears of infection and anxiety over MERS which had over a 20% mortality rate, concern over social isolation, and anxiety over the possibility of spreading infection to family members if isolated at home. Since community health care center staff members were monitoring the state of isolation to prevent MERS spreading further, it is likely that those isolated had high levels of anxiety over the fear of their isolation becoming a stigma among their neighbors. During the MERS epidemic, 80.2% of the general public reported fear of being infected, and 46% reported emotional distress. Risk factors associated with increased rates of fear were the following: concern about public transportation use, difficulty going outside, perception that the state is not protecting the people, helplessness in situations that cannot be controlled, and fear of infection [10] .
During isolation, symptoms of anxiety were reported in 47.2% of MERS patients and 7.6% of quarantined people. At the time point four to six months after removal from isolation, symptoms of anxiety persisted in 19.4% of MERS patients and 3.0% of isolated people. Anxiety symptoms were determined based on 10 or more of the GAD-7 score were determined to have anxiety symptoms. A moderate range of anxiety symptoms is defined as having difficulty in daily life due to anxiety for an average of 10.7 to 16.8 days out of a 3-month period, as well as having 2.2 to 2.4 hospital visits due to anxiety symptoms [14] . When the GAD-7 cut-off point is set as 10 points or higher, the prevalence of anxiety symptoms in the general population is estimated to be around 3.3%. This is much lower than the prevalence rate of anxiety disorder (6.8%) using the Composite International Diagnostic Interview of the nationwide mental health epidemiologic survey in 2011 [15] . This suggests that there is a possibility of underestimating the actual prevalence of anxiety symptoms when the GAD-7 cut-off point is set as 10 points or higher. When anxiety symptoms in the Ansan and Gyeonggi areas were measured by the GAD-7 four to six months after the sinking of the passenger ship on April 16, 2014, 6 .4% of residents in the Ansan area and 3.3% in the Gyeonggi area reported moderate to severe levels of anxiety symptoms [16] . When comparing these results, isolated people appear to have recovered to normal levels of anxiety four to six months after removal from isolation. However, among 19% of those in the 1st rank group who had anxiety symptoms during isolation During the isolation period, relief supplies must be provided on a timely basis. Precise information about the symptoms of the disease should be provided publicly, and psychological support is needed in those with persistent symptoms even after removal of isolation. Any financial losses should be identified and properly supported. Psychological support is necessary in those with history of psychiatric illnesses as they have a greater likelihood of experiencing psychiatric symptoms. Medical management programs should be provided in patients with persistent symptoms.
Since anxiety symptoms, anger, and aggression due to natural disasters can be prevented from becoming chronic problems with appropriate mental health management, progression to PTSD should be prevented by providing prompt responses, meeting individualized needs, and making efforts to provide appropriate intervention after identifying symptoms of anxiety and anger.
People who were isolated for two weeks due to contact with MERS patients suffered from high rates of anxiety symptoms and anger during isolation, and showed mental health effects even at four to six months after removal from isolation.
